Purpose of review Accurate diagnosis of interstitial lung diseases (ILDs) can be challenging, and a substantial percentage of ILD patients remain unclassifiable even after thorough assessment by an experienced multidisciplinary team. In this review, we summarize the recent literature on the definition, prevalence, diagnosis, treatment, and prognosis of unclassifiable ILD, and also discuss important current issues and provide future perspectives on the classification of ILD.
INTRODUCTION
Interstitial lung diseases (ILDs) are a large group of inflammatory and fibrotic disorders that damage the lung parenchyma [1] . Despite many similarities in symptoms and physiology at presentation, the underlying biology, prognosis, and recommended treatment approaches differ substantially across ILD subtypes [1] [2] [3] . For example, idiopathic pulmonary fibrosis (IPF), which is characterized by a radiological and pathological usual interstitial pneumonia (UIP) pattern, is more frequent in older men, current or former smokers, and patients with gastroesophageal reflux [3] . In contrast, connective tissue disease (CTD)-associated ILDs occur more frequently in younger women [4] , while patients with hypersensitivity pneumonitis are less likely to be smokers [5] . There are antifibrotic therapies that can slow progression of IPF [6, 7] , while immunosuppressive pharmacotherapies are commonly used for non-IPF ILDs [8, 9] .
Distinguishing among ILD subtypes is frequently challenging, and accurate diagnosis often requires a multidisciplinary effort by a team of experienced ILD clinicians, chest radiologists, and lung pathologists [10 & ]. Even after a comprehensive evaluation by a group of experts, a substantial percentage of ILD patients cannot be provided with a specific diagnosis and are labeled with 'unclassifiable ILD' [11] [12] [13] . In this review, we summarize the evolving literature on the definition, prevalence, diagnosis, treatment, and prognosis of unclassifiable ILD, and we discuss potential approaches to its phenotyping and management.
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DEFINITION AND TERMINOLOGY
Clinicians and researchers have used several terms to indicate that a patient with ILD cannot be provided with a specific diagnosis, including unclassifiable ILD, unclassified ILD, undefined ILD, and undetermined ILD [11, [14] [15] [16] . The most common definition of unclassifiable ILD is the absence of a specific diagnosis following a multidisciplinary discussion and review of available clinical, radiological, and pathological information [11, 12 & ], but the threshold for considering an ILD patient unclassifiable has been inconsistently applied and is not clearly defined in previous consensus statements [1, 17] . An International Working Group perspective recently suggested that unclassifiable ILD be defined by the absence of a leading diagnosis that is considered more likely than not (i.e., no single diagnosis that is thought to be at least 51% likely after multidisciplinary discussion), with a provisional and confident diagnosis applying to patients with 51-89% diagnostic confidence and at least 90% confidence, respectively [18 & ]. This group recommended that unclassifiable ILD be further subclassified according to whether an adequate surgical lung biopsy was available, and further that a differential diagnosis should be provided and most notably whether IPF was considered a likely possibility (Fig. 1) [18 & ]. Previous studies have described many reasons for not being able to confidently diagnose a patient with ILD. These can be broadly categorized into three common scenarios, including an incomplete evaluation, the presence of overlapping findings that are common to multiple distinct ILD subtypes, and nonspecific findings that are not characteristic of any single ILD subtype. Examples for each of these possibilities are presented in Table 1 .
PREVALENCE
Estimates for the prevalence of specific ILD subtypes vary substantially. Studies on ILD epidemiology are frequently based on International Classification of
KEY POINTS
A large percentage of patients with ILD are unclassifiable, even after a comprehensive review of all clinical, radiological, and pathological information by a group of experts.
Choices for pharmacotherapy of unclassifiable ILD require a case-by-case consideration of the relative likelihoods of the differential diagnosis, the anticipated disease behavior and response to therapy, and potential medication adverse effects and tolerability.
A more precise definition, novel diagnostic tools, guidance on how to approach specific clinical scenarios are needed to advance our understanding of unclassifiable ILD. Diseases codes that have significant limitations compared with contemporary ILD classification [22] [23] [24] . Other studies have been based on cohorts recruited from ILD referral centers, and are thus not representative of the general population. Within these specialized ILD clinics, the prevalence of unclassifiable ILD is estimated to be approximately 12%, but with substantial variability between studies likely due to heterogeneous study designs and diagnostic approaches [13] . The proportion of ILD patients who remain unclassifiable may be lower in cohorts that have undergone a multidisciplinary discussion [13] , and is particularly high (up to 45%) in an elderly ILD population [25] . A subgroup of patients with unclassifiable ILD have autoimmune features but cannot be assigned a specific CTD diagnosis, with a proposal that these patients be labeled as having interstitial pneumonia with autoimmune features [31] . Future studies are needed to demonstrate the clinical validity of this grouping, and to evaluate its potential treatment implications.
Confident diagnosis

CLINICAL FEATURES AND INVESTIGATIONS
The diagnosis and classification of ILDs requires high-quality, thin section, preferably contiguous high-resolution computed tomography (HRCT) imaging. Few studies report HRCT findings of patients with unclassifiable ILD, and patterns are either nonspecific or difficult to classify. Two studies have reported radiological patterns of patients with unclassifiable ILD, with definite UIP reported in 6-17% and possible UIP in 26-50% of patients [11,29 & ].
Other commonly reported radiological patterns include nonspecific interstitial pneumonia, desquamative interstitial pneumonia, and features suggested of chronic hypersensitivity pneumonitis [12 & ]. 34] . Consequently, the risk of biopsy should be weighed against the potential benefit on an individual basis including consideration of patient preference.
Bronchoalveolar lavage cellular analysis is usually nonspecific in patients with unclassifiable ILD [15, 28] . Transbronchial lung cryobiopsy has a higher diagnostic yield compared with conventional transbronchial biopsy and might allow pathological phenotyping in a population of unclassifiable ILD patients that does not qualify for The above features are best considered in the context of a multidisciplinary discussion of experts, typically defined as a dynamic face-to-face review of all available clinical, radiological, and pathological data. Multidisciplinary discussion has replaced the previous pathological reference standard for ILD diagnosis [17] , and is strongly recommended in recent guidelines for patients with fibrotic ILD [1, 3] . Multidisciplinary teams should particularly consider the many factors that can alter the likelihood of an IPF or a non-IPF ILD diagnosis (Fig. 2) . This process improves diagnostic confidence [10 & ,37], and may decrease the percentage of patients who are considered unclassifiable [13] .
MANAGEMENT
Many nonpharmacological therapies for patients with fibrotic ILD are nonspecific and should routinely be considered for patients with unclassifiable ILD. These include smoking cessation, avoidance of potentially harmful exposures, pneumococcal and influenza vaccinations, pulmonary rehabilitation, [41] . 95% CI, 95% confidence interval; ANA, antinuclear antibody; CTD, connective tissue disease; ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis; OR, odds ratio; UIP, usual interstitial pneumonia.
long-term oxygen therapy, and management of comorbidities. Lung transplantation is an option for some patients with unclassifiable ILD, while others might benefit more from a more palliative approach that places greater emphasis on symptom management.
Antifibrotic medications (pirfenidone and nintedanib) are only approved for the treatment of IPF, with most regions funding these therapies exclusively in patients who meet IPF diagnostic criteria from established clinical practice guidelines [6, 7] . Subgroup analyses suggest that nintedanib may be beneficial in patients with suspected IPF who did not meet guideline criteria [42 & ]; however, additional studies are needed to better define this subgroup of potential responders and to replicate this finding prospectively. Randomized controlled trials are currently evaluating this question by testing the safety and efficacy of pirfenidone and nintedanib in patients with unclassifiable ILD (Table 2 ) [43, 44] . Immunosuppressive medications may be a treatment option for unclassifiable ILD when there is a low likelihood of IPF and a primary differential diagnosis of chronic hypersensitivity pneumonitis [9] , CTD-ILD [45] , or other non-IPF ILDs [46] . The decision to initiate a trial of immunosuppressive therapy in this situation must be balanced against the previously demonstrated detrimental effects of immunosuppressive therapy in patients with IPF [47] . , with lower DLCO%-predicted and higher fibrosis score on HRCT independently predicting both mortality and disease progression in another study [11] . Traction bronchiectasis on HRCT, increased pulmonary artery diameter, and higher Composite Physiologic Index have also been reported as mortality risk factors [29 & ].
PROGNOSIS
DISCUSSION
Our understanding of ILD diagnosis and classification continues to evolve. Recent publications have provided a framework for a more consistent approach to ILD diagnosis, and the future study of these patients. Despite these advances, there remain several important questions related to unclassifiable ILD.
Is unclassifiable interstitial lung disease a useful category?
The main potential downside to designation of unclassifiable ILD as a disease category is that it is a heterogeneous and poorly defined collection of patients, and that providing a label for these patients might be used as justification to refrain from further pursuit of an underlying cause [49] . It is critical, however, that this label should instead prompt a regular re-evaluation and search for new information that might increase the confidence in a specific ILD diagnosis. It is unknown what percentage of unclassifiable ILD cases can be assigned a confident diagnosis at re-evaluation and how frequently cases should be revisited. The most practical approach is to conduct this reassessment on an ad hoc basis, with a likely role to perform some tests more regularly (e.g., serologies or computed tomography every 1-2 years). Regardless, there remain a large number of ILD patients that cannot be assigned a specific diagnosis. Having a label for these patients is necessary to facilitate studies of these patients, including identification of its biological and clinical phenotypes as well as enrolment of patients in clinical trials. For clinical purposes, the integration of available data into a 'working diagnosis' can facilitate pragmatic management decisions; however, it is important to recognize the need to reassess the diagnosis of these patients during long-term follow-up.
How should unclassifiable interstitial lung disease be defined and subcategorized?
An International Working Group recently proposed that unclassifiable ILD be defined by the absence of a leading diagnosis that is considered more likely than not ( Fig. 1) [ 18 & ]; however, this is a highly subjective definition that is significantly impacted by the thoroughness of the diagnostic evaluation. Some studies have required a surgical lung biopsy prior to categorization of an ILD patient as unclassifiable; however, this working group instead suggested both biopsied and nonbiopsied patients be considered in the same category, but with subgrouping according to the presence or absence of a biopsy. Similarly, some studies have required a multidisciplinary discussion for these patients; however, this resource is not available in many regions and has other incompletely understood limitations that prohibit its routine requirement in the ILD diagnostic process. Currently, it remains unclear how unclassifiable ILD should be defined, which diagnostic steps should be compulsory before calling a case unclassifiable, and how unclassifiable ILD should be subcategorized. Advances in molecular phenotyping with transcriptomics [50, 51] , proteomics [52, 53] , metabolomics [54, 55] , and epigenetics [56] may eventually allow an accurate ILD diagnosis in many patients who are currently considered unclassifiable.
What pharmacotherapies should be considered for patients with unclassifiable interstitial lung disease?
Choices for pharmacotherapy of unclassifiable ILD are challenging and require a case-by-case consideration of the relative likelihoods of the differential diagnosis, the anticipated disease behavior and response to therapy, and potential medication adverse effects and tolerability. Potential treatment options for patients with unclassifiable ILD include short-term immunosuppressive therapy with reassessment of the initial treatment response, longterm immunosuppressive therapy, antifibrotic therapy, and observation without pharmacotherapy. Determining whether a given treatment strategy has been effective in an individual patient is limited by the heterogeneous disease progression. For this reason, disease progression despite therapy is often interpreted as a failure of therapy; however, disease stability while on a given treatment is of less certain significance. Given the absence of proven benefit for any pharmacotherapy in unclassifiable ILD, observation without therapy should be considered in patients with mild and stable disease, or in frail patients who might be more prone to clinically significant adverse effects.
Clinical trials are currently ongoing in unclassifiable ILD; however, design of these studies and their translation into clinical practice is a major challenge for several reasons. First, unclassifiable ILD is inconsistently defined in the previous literature, and attempts to standardize the nomenclature and definition for this group of patients remains highly subjective [18 & ]. Second, large patient numbers and careful selection of trial endpoints are required to overcome the 'noise' that arises from the variable rates of progression for the heterogeneous population of patients with unclassifiable ILD. Third, the heterogeneous biology of unclassifiable ILD indicates that targeted therapies may be unlikely to work except in small and more consistently defined subgroups. Despite these limitations, there is much insight to be gained from the testing of potential pharmacological interventions in these patients, and specifically evaluation of biological predictors of response to therapy.
CONCLUSION
Unclassifiable ILD is a common, but heterogeneous and poorly defined subgroup of ILD. Recent studies have provided additional data on the clinical features and prognosis of unclassifiable ILD, but also highlight the many uncertainties that still exist in ILD diagnosis and classification. Novel approaches to ILD diagnosis and classification are needed to advance our understanding of unclassifiable ILD, reduce the proportion of unclassifiable cases, and support development of evidencebased treatment approaches for specific biological phenotypes.
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